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RI H[WHUQDO VWLPXOL SOHDVDQW VLWXDWLRQ SV\FKRORJLFDO SUHVVXUH HWF 7KLV HPRWLRQDO UHDFWLRQ FDQ EH PDQLIHVWHG LQ
FRXQWOHVVZD\V IDFLDO H[SUHVVLRQV VSHHFK ERG\JHVWXUHV DQGSK\VLRORJLFDO VLJQDOV ((*KHDUW UDWH EORRG IORZ
WHPSHUDWXUH HWF :KLOH D ORW RI GDWD DQG ILQGLQJV KDG EHHQ GRFXPHQWHG LQ WKH DUHD RI DIIHFW GHWHFWLRQ XVLQJ
$XWRQRPLF 1HUYRXV 6\VWHP $16 SDUDPHWHUV PRVW RI WKHVH H[SHULPHQWDWLRQV XVHV LQYDVLYH DSSURDFKHV ZKHUH
GLUHFWFRQWDFWEHWZHHQWKHVXEMHFWDQGWKHVHQVRULVUHTXLUHG7KLVZRXOGEHLQWLPLGDWLQJWRWKHVXEMHFWDQGUHVWULFWV
WKHLU PRELOLW\ ZKLFK VRPHKRZ ZRXOG FRQWULEXWH VRPH XQFHUWDLQ LQIRUPDWLRQ GXH WR VWUHVV H[SHULHQFHG E\ WKH
VXEMHFWV7KHPDWXULW\DQGHYROXWLRQRIVHQVLQJ WHFKQLTXHKDVPDGHFRQWDFWOHVVDQGQRQLQYDVLYH$16UHVSRQVHV
PRQLWRULQJ SRVVLEOH WKURXJK WKH DSSOLFDWLRQ RI WKHUPDO LPDJLQJZKLFK KDV VKRZQ SRWHQWLDO LQ FKDUDFWHUL]LQJ WKH
VXEGLYLVLRQ RI $16 0HUOD HW DO KDV SURSRVHG WKH IDFLDO VNLQ WHPSHUDWXUH H[SORLWDELOLW\ IRU DIIHFWLYH VWDWHV
UHFRJQLWLRQ XVLQJ WKHUPDO LPDJLQJ 0HUOD	 5RPDQL  0HUOD HW DO  VWDWHG WKDW ³0HDVXULQJ VXEWOH




HPRWLRQVZRXOGPDNH KXPDQ URERW LQWHUDFWLRQPRUHPHDQLQJIXO 7KH SRWHQWLDO DSSOLFDWLRQV RI URERWV WKDW FRXOG
GHWHFW D SHUVRQ¶V DIIHFWLYH VWDWHV DQG UHVSRQG DFFRUGLQJO\ WR VXFK SHUFHSWLRQ DUH GLYHUVH SHUVRQDO KRPH DLGV
HQWHUWDLQPHQWURERWUHVFXHDQGVXUYHLOODQFHURERWVHWF
,Q WKLV SDSHUZH SUHVHQW RXU SUHOLPLQDU\ ILQGLQJV LQ DIIHFWLYH VWDWHV GHWHFWLRQ WKURXJK WKH LPSOHPHQWDWLRQ RI
*/&0IHDWXUHVIRUWKHUPDOLPDJHV7KHUHPDLQLQJSDUWRIWKLVSDSHULVRUJDQL]HGDVIROORZV6HFWLRQGHVFULEHVWKH
7KHUPDO ,PDJLQJ $IIHFW 'HWHFWLRQ ([SHULPHQWDO 'HVLJQ LV SUHVHQWHG LQ 6HFWLRQ  6HFWLRQ  GHVFULEHV VRPH









WR0HUOD HW DO WKHUPDO LPDJLQJKDVPDQLIHVW SRWHQWLDO VROXWLRQ IRU QRQLQYDVLYH UHFRUGLQJ RI$16 ,WZRUNV E\




0RVW RI WKH UHVHDUFK GRQH LQ DIIHFWLYH VWDWH GHWHFWLRQ XVLQJ WKHUPDO LPDJLQJ KDYH FKRVHQ WKH IDFH DUHD IRU
SV\FKRORJLFDOVLJQDOPHDVXUHPHQWGXHWR LWVGLUHFW LQYROYHPHQW LQVRFLDO LQWHUDFWLRQDQGFRPPXQLFDWLRQ%HVLGHV





7KHUH DUH WZR W\SHV RI IHDWXUHV H[WUDFWHG IURP WKH WKHUPDO LPDJHV LPDJLQJ IHDWXUHV DQG WHPSHUDWXUH IHDWXUHV
/LX	:DQJ$PRQJWKHUHVHDUFKHVWKDWXVHVH[WUDFWHGLPDJLQJIHDWXUHVIURPWKHLPDJLQJIHDWXUH<DVXQDUL
<RVKLWRPL HW DO ZKHUH WKH H[WUDFWHG IHDWXUHV DUH WUDQVIRUPHGE\XVLQJ D WZRGLPHQVLRQDO GLVFUHWH FRVLQH
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WUDQVIRUPDWLRQ''&7WRWUDQVIRUPWKHJUD\VFDOHYDOXHVLQWKHIDFLDODUHDLQWRIUHTXHQF\FRPSRQHQWVDQGXVHG
WKHVHH[WUDFWHGIHDWXUHVLQWKHH[SUHVVLRQUHFRJQLWLRQV\VWHPV%HQMDPÕQ+HUQDQGH]*XVWDYR2ODJXHHWDO
KDGFKRVHQ*UD\/HYHO&RRFFXUUHQFH0DWUL[ */&0IRUUHJLRQGHVFULSWRUVFRPSXWDWLRQRI WKH LQIUDUHG LPDJHV
EDVHGRQVHFRQGRUGHUVWDWLVWLFVIHDWXUHV WRGLVWLQJXLVKWKHH[SUHVVLRQVRIVXUSULVHKDSSLQHVVDQGDQJHU)URPWKH
WHPSHUDWXUH IHDWXUHV0DVRRG0HKPRRG.KDQ HW DO KDYH H[SORLWHG WKHYDULDQFHV LQ WKH WKHUPDO LQWHQVLW\
YDOXHV UHFRUGHG DW WKHUPDOO\ VLJQLILFDQW ORFDWLRQV RQ KXPDQ IDFHV DV WKH IHDWXUHV WR GLVWLQJXLVK SUHWHQGHG DQG
HYRNHGHPRWLRQDOH[SUHVVLRQV%UDLQ51KDQDQG7RP&KDXKDYHH[WUDFWHGWKHWLPHIUHTXHQF\DQGWLPH




)HDWXUH ([WUDFWLRQ DQG7HVW DQG9DOLGDWLRQ ,Q WKH ILUVW EORFN ,PDJH 3URFHVVLQJ VHYHUDO VWHSV LQYROYHG QDPHG
LPDJH DFTXLVLWLRQ SUHSURFHVVLQJ &RQWUDVW /LPLWHG $GDSWLYH +LVWRJUDP (TXDOL]DWLRQ &/$+( DQG 52,V






























WKHLU JODVVHV LI WKH\ZRUH DQ\ 6XEMHFWV DUH DGYLVHG QRW WR WDNH DQ\PHDO  KRXU EHIRUH GDWD FROOHFWLRQ WR DYRLG
PHWDEROLFHIIHFWRIGLJHVWLRQDQGPLQLPXPPRYHPHQWVSDUWLFXODUO\DERYHWKHQHFNZHUHDGYLVHGWRWKHVXEMHFWWR
DYRLGRXWRIIRFXVLPDJHV7KHYLVXDOVWLPXOLZHUHDGPLQLVWUDWHGWKURXJKWKHPRQLWRULQIURQWRIWKHVXEMHFWV)RU


















$ VSHFLILFPRYLH FOLSV KDYH EHHQ XVHG IRU WKH HPRWLRQ LQGXFWLRQ SXUSRVHV ,Q VRPH OLWHUDWXUHV ,QWHUQDWLRQDO
$IIHFWLYH3LFWXUH6\VWHP ,$36KDVEHHQSURYHQ WREHHIIHFWLYH VWLPXOL IRU HPRWLRQ LQGXFWLRQ+RZHYHU LQRXU
H[SHULPHQWPRYLH FOLSV EHHQ FKRVHQRYHU ,$36 LPDJHVGXH WR WKHPDMRU FRQWULEXWLRQRIPXVLF DQG VRXQG WR WKH
HPRWLRQVWDWHDVEHLQJPHQWLRQHGLQVHYHUDOOLWHUDWXUHV,QWKLVH[SHULPHQWDWRWDOO\SRODURSSRVLWHHPRWLRQKDVEHHQ
FRQVLGHUHG QDPHG+DSS\ 6DG DQG )HDU 7KH GXUDWLRQ IRUPRYLH FOLSV DGPLQLVWHUHGZDV DURXQG PLQXWH HDFK





4.1. Thermal Image Acquisition 
7KH DFTXLVLWLRQ RI WKHUPDO LPDJHVZDV GRQH LQ D FRQWUROOHG URRPZLWK UHODWLYH KXPLGLW\ RI   & DQG
XQLIRUP LOOXPLQDWLRQ7KH VXEMHFW LV VHDWHGPHWHU IURP WKH WKHUPDO FDPHUD DQG DGYLFH WRPDLQWDLQPLQLPXP
KHDGPRYHPHQW7KHFDPHUD¶VIUDPHUDWHIRUGDWDFROOHFWLRQZDVVHWDWIUDPHVSHUVHFRQGISV)RURQHVHWRI
YLGHRWKHUHDUHLPDJHVEHLQJFDSWXUHG
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RQ WKH REVHUYDWLRQ WKHUH ZDV VLJQLILFDQW LPSURYHPHQW RQ WKH YLVLELOLW\ RI WKH KRWWHU UHJLRQ RQ WKH IDFH DV
UHSUHVHQWHGE\WKHZKLWHFRORU7KHDOJRULWKPHQKDQFHGWKHLPDJHVRWKDWWKHKRWUHJLRQFRXOGEHHDVLO\LGHQWLILHG,W
XWLOL]HG VHYHUDO GLVWULEXWLRQV W\SH WR UHVKDSH WKH KLVWRJUDP RI WKH LQSXW LPDJH LQ RXU FDVH ZH VSHFLILHG WKH









4.3. Feature Extraction 
,Q WKLV H[SHULPHQW D WH[WXUH EDVHG IHDWXUH H[WUDFWLRQPHWKRGZDV FKRVHQ *UD\ /HYHO &RRFFXUUHQFH0DWUL[
*/&0*/&0ZDVILUVWLQWURGXFHGE\+DUDOLFNHWDODQGLWLVRQHRIWKHPRVWSRSXODUDQGZLGHO\XVHG
WH[WXUHIHDWXUHH[WUDFWLRQPHWKRGLQFRPSXWHUYLVLRQ7KH*/&0FKDUDFWHUL]HVHFRQGRUGHUVWDWLVWLFRIDQLPDJHE\









,QHTXDWLRQWKHYDULDEOH ijC UHSUHVHQWVWKHQXPEHURIRFFXUUHQFHVRIJUD\OHYHOLQURZiDQGFROXPQjPi j 
YDOXH LV WKH SUREDELOLW\ YDOXH IURP WKH */&0 KRZ PDQ\ WLPHV WKDW UHIHUHQFH YDOXH RFFXUV LQ D VSHFLILF




&ODXVL  6HYHUDO WH[WXUH VWDWLVWLFV FDQ EH H[WUDFWHG IURP WKH*/&0PDWUL[&RQWUDVW&RUUHODWLRQ(QHUJ\
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)URPWKHNHUQHO WKH*/&0ZLOOKDYHIRXUGLVSODFHPHQWGLVWDQFHVG DQGIRXURULHQWDWLRQVDQJOHVș 
6RIRUHDFK*/&0VWDWLVWLFDOIHDWXUHVWKHUHDUHIHDWXUHVIHDWXUHV[ IHDWXUHVIRUVLQJOH
52,+HQFHIRUHDFK52,WKHUHDUHIHDWXUHV[LPDJHV IHDWXUHV7KH+DSS\6DGDQG)HDUGDWDVHW
KDYH IHDWXUHV UHVSHFWLYHO\ZKLFK OHDGV WRD WRWDORI IHDWXUHV  VXEMHFWV DOOPDOHRYHUDOO IRU HDFK










ZLWK  RYHUDOO DFFXUDF\ 7KH VHFRQG KLJKHVW DFFXUDF\ VFRUH EHORQJ WR )LQH.11ZLWK RYHUDOO DFFXUDF\ RI
ZKLFKORZHUVWKDQ:HLJKWHG.11%HVLGHV)LQH*DXVVLDQDQG0HGLXP*DXVVLDQ690GLVSOD\VTXLWH
LPSUHVVLYHFODVVLILFDWLRQUHVXOWZLWKDQGRYHUDOODFFXUDF\UHVSHFWLYHO\7KHFRPSDULVRQVRIWKHFODVVLILHU
















&ODVV 735DWH )35DWH 3UHFLVLRQ 5HFDOO )0HDVXUH 52&$UHD$8&
+DSS\    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IROG ORVVZKLFK GHPRQVWUDWHV WKH VPDOO RXW RI VDPSOH HUURU 7KH VPDOO RXW RI VDPSOH ORVV VKRZV WKDW WKHPRGHO
SHUIRUPHGDFFXUDWHO\DV WKH ILWWLQJ IRUHDFKILW VHVVLRQ IROGDUHZHOOILWWHGZLWKPLQLPXPDYHUDJHHUURU7KH
REMHFWLYHRINIROGFURVVYDOLGDWLRQ LV WRHVWLPDWHKRZDFFXUDWHO\ WKHSUHGLFWLYHPRGHOZRXOGSHUIRUPLQSUDFWLFH
:LWKWKHVPDOOUHVXOWHGNIROGORVVZHDUHSRVLWLYHDQGRSWLPLVWLFWKDWWKHSUHGLFWLYHPRGHOZRXOGSHUIRUPZHOOLQ
UHDO OLIH VFHQDULR  %\ FRQVLGHULQJ VHYHUDO IHDWXUHV YHFWRU EHLQJ FRQFDWHQDWHG WRJHWKHU WKH RYHUDOO SHUIRUPDQFH
PLJKWEHLPSURYHGGXHWRDYDLODELOLW\RIVHYHUDOGLVWLQFWIHDWXUHV%HVLGHVWKHIHDWXUHVYHFWRUVGDWDVHWFRXOGEHSUH
SURFHVV EHIRUH IHHG LQ FODVVLILFDWLRQ SKDVH XVLQJ 3ULQFLSOH &RPSRQHQW $QDO\VLV 3&$ RU /LQHDU 'LVFULPLQDQW
$QDO\VLV /'$WRUHGXFH WKHGLPHQVLRQRI WKHGDWDVHW)XUWKHUPRUH IRUUHDO OLIHDSSOLFDWLRQRI WKHUPDO LPDJLQJ
VHYHUDONQRZQ OLPLWDWLRQVH[LVW7KHHQYLURQPHQWDOFRQGLWLRQSOD\V WKHFUXFLDO UROHVLQFH WKHKRPHRVWDVLVDQG WKH
FXWDQHRXV WHPSHUDWXUH DUH FRQWLQXRXVO\ UHJXODWHG ,Q RUGHU WR DYRLG DWWULEXWLQJ DQ\ SV\FKRORJLFDO YDOHQFH WR
XQPLWLJDWHGWKHUPRUHJXODWRU\SURSHUFRXQWHUPHDVXUHVDQGFDXWLRQVVKRXOGEHDGRSWHG0HUOD%HVLGHVWKH
RFFOXVLRQ RI 52,V E\ VSHFWDFOH RU KDLUEDQJ FRXOG UHQGHU WKH YLVLELOLW\ RI WKH WKHUPDO LPSULQW LQ WKH WDUJHWHG

)LJXUH&RQIXVLRQ0DWUL[:HLJKWHG.11
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ORFDWLRQ7KHPHWDEROLFHIIHFWRIGLJHVWLRQDOVRDIIHFWHGWKHUHJXODWRU\RIFXWDQHRXVWHPSHUDWXUHRIWKHIDFLDOVNLQDV
UHSRUWHGLQVHYHUDOVWXGLHV7KHPRGHOFRXOGEHLPSURYHGE\FRQVLGHULQJWKH52,VORFDWLRQWUDFNHUWRWUDFNWKH52,V
ZKLFKPLJKW KHOS UHGXFLQJ WKH RXW RI IRFXV LPDJHV 2XU UHVHDUFK LV IDU IURP EHLQJ FRQFOXVLYH+RZHYHU WKHVH
ILQGLQJV DUH XWPRVW SURPLVLQJ )RU IXUWKHU LPSURYHPHQWZHZRXOG QHHGPRUH WUDLQLQJ GDWD WKDQZKDW KDV EHHQ
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